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YV cmammi po3pobiena memoouxa OyiHKU NOXUOKU NPIMUX GUMIPIOBAHL, BUKOHAHUX NPU
oonaxosux ymosax. Illpedcmasnenuil Npuxiad OYIHKU BUMIPSIHO20 3HAYEHHS. CUMU PI3AHHS 3
VPAXYBAHHAM YUCIA BUKOHAHUX BUMIDIOBAHL, 3A0AHO20 PIBHA 008ipyYoi UMOGIPHOCMI, KIACY
MOYHOCMI BUMIPIOBANIBLHO20 NPUNAOY | MEXNCT 11020 BUMIDIS.

Kniwwuosi cnosa: 3azanvna noxubka 6UMIpIOBAHHS, SUMIDAHA BENUYUHA, [HCMPYMEHMANbHA
noxubKa, pieensb 008ipu, BUMIPIOBATbHUL NPUNAO, KIAC MOYHOCII NPUNLADY.

B cmamve pazpabomana memoouka OYeHKU NOSPEUHOCMU  NPAMbIX — UMepeHUll,
6bINOJIHEHHbLIX npu OOUHAKOBBIX YCI08UAX. Hpedcma(meﬂ npumep OUEHKU USMEPEHHO20 3HAUYEHUA
CUJIbl pe3aHusl C yd4emom 4Hucia 6blNOJIHEHHbIX u3M€p€HuL7, 3a0aHH020 YPOBHA 006€pum€]lbl-l011
6eposAmMHoOCcnu, Kiacca mo4Hocmu usmepumeilbHoco npu60pa u npedeﬂa eco u3MepeHuL7.

Knroueesoie cioea; NoOJIHAA nocpewHocmys U3BMEPEHRUAL, usmepsaema 6elUuvdUHa,
UHCMPYMEHMAIbHAA NOcPEeuHOCmb, ()oeepumeﬂbnbzd unmepeau, usmepumeib, Kiladcc movYHoCmu
UHCMpYMeHmd.

A methodology for evaluation the direct measurements’ error is given in paper when the
measurements are performed under the same conditions. An example of the evaluation for the
measured value of the cutting force is presented taking into account the number of measurements
performed, the specified confidence level, the accuracy class of the measuring instrument and the
limit of its measurements.

Key words: total measurement error, measured quantity, instrumental error, confidence level,

measuring instrument, instrument accuracy class.

In direct measurements, the value of the measured quantity is found directly from the
experimental data. In such case, the total measurement error of the result is determined by the

geometric sum of the three components [1-6]:

A= \/A?an + Ai2n + A?ou ' )
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where A, Ay, and A, are the absolute values of random, instrumental, and rounded error

components, respectively.

Although the instrumental error is systematic, it is summed up with other errors as a random
value, i.e., according to the geometric summation rule. That is so because the sign of the
instrumental error is usually unknown.

The random error component may be found as follows [7-10]:

Aran = % , (2)

where t,..is the Student's t-test value (criterion value) which depends on the pre-accepted

significance level a and the number of performed experiments n; S is the mean squared
deviation or mean squared error, i.e., the average squared difference between the estimated values
and the actual value instead of which the sample average X is frequently used [11-14].

The following formula is used to find the S value:

@)

The significance level o determines the acceptable value of a statistical error. It is related to

confidence level (not confidence interval) p by the formulacc=1—p. As a rule, for technical
applications is assumed that o =0.05, i.e., p=0.95 (i.e., 95 %). Once again, a confidence level

refers to the percentage of all possible samples that can be expected to include the true population
parameter. For example, suppose all possible samples were selected from the same population, and
a confidence interval were computed for each sample. A 95% confidence level implies that 95% of
the confidence intervals would include the true population parameter [15].

The instrumental error component can be found according to the formula [16]:

Ap K - Xpmax

Ajnst = ? 100 ' (4)

where A, is the Laplace inverse distribution quantile depending on the pre-selected confidence

level p; K is the measuring instrument (MI) accuracy class; x,,.x IS the measurement limit for

the MI mentioned.
The MI accuracy class shows the value of its absolute error in percentage from the limit of its
measurement (the size of the MI scale). Mostly used measurement instruments have the following

accuracy classes: 0.1; 0.2; 0.5; 1.0; 1.5; 2.5; etc. Sometimes the MI limit error value is noted in its
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passport. For example, the Laplace inverse distribution quantile for p= 0.95 has a value 4, =1.96

[16].

For MI with the scale, the rounding error component A,,, is equal to either one division
value or to half of the division value if the count is taken with the accuracy up to one or half of the
division of MI scale, respectively. Sometimes this error is even less (up to one third or even one
fourth of the division value of Ml scale) when the M1 is equipped with a mirror sector to eliminate
the M1 scale parallax. The rounding error component of digital MI is equal to half of its junior bit.

For example, direct measurements of cutting force were performed five times (n =5) by using
the “UDM -100” dynamometer. Measurement results are the following: 650; 670; 660; 680; 650 N.

Determine the amount of the cutting force and its error with a confidence level p =95 %, if
the M1 accuracy class is 2, the M1 limit is 1000 N, and one division value of Ml scale is 5 N.

Solution
1. The cutting force mean value is X =662 N.

2. The mean squared deviation (MSD) by the formula (3):

.. J(650—662)2+(670—662)2+(660—662)2+(680—662)2+(650—662)2 B
- ; -

:\/144+64+4+324+144 _13.04N.

4

3. The Student's t-test value (Student’s criterion) is ty 5,5 =2.57 [10]

4. The random error component by the formula (2):

2.57-13.07
Ay = 2222220 —14.99N,

N3

5. The instrumental error component by the formula (4):

~_1.96 2-1000
"3 100

=13.07 N.

6. The rounding error component (with accuracy to one division value): A, =5 N.

7. Then, the total measurement error by the formula (1) will be the following

A=1/14.99% +13.07% + 52 = 20.91 N,
8. Therefore, the cutting force measuring result for the confidence level p,,, = 0.95 will be

P =662%20,9N.
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